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http://dx.doi.org/10.1016/j.kjms.201Abstract This study was designed to investigate the alteration on regional and global strains
of left and right ventricle (LV, RV) in patients with inferior wall ST-elevation myocardial infarc-
tion (MI). Patients were examined prior to and 7 days after percutaneous coronary intervention
(PCI) using speckle-tracking techniques. Fifty-nine patients (36 males and 23 females) and 60
healthy controls (40 males and 20 females) were enrolled in this study. LV strains were
measured from three deformations including radial, longitudinal, and circumferential. RV
strains were measured only from the longitudinal. Three types of LV global strains were signif-
icantly lower in patients than in controls, and LV global longitudinal and circumferential strains
were moderately improved by PCI. The LV regional strains reduced significantly in most of the
segments (87%) after inferior wall MI and over half of them (60%) were improved by PCI. The RV
global longitudinal strains were significantly lower in patients than in controls, and they were
moderately improved by PCI. In conclusion, the regional and global strains of LV and RV were
reduced in patients with inferior wall MI, and PCI most markedly improved the global strains
and regional strains of the infarct and adjacent myocardium in the apical and middle levels.
Copyright ª 2013, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.ave no conflicts of interest relevant to this article.
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Table 1 Baseline clinical characteristics of patients and
control participants.
Variables Patients
(n Z 59)
Controls
(n Z 60)
Age, y 64  9 62  8
Sex, male/female 36/23 40/20
Height, cm 164  8.4 166  9.5
Weight, kg 63  8 64  8
Body mass index, kg/m2 24.8  2.7 23.4  2.5
Hypertension 12 (20.0) 7 (11.7)
Diabetes mellitus 8 (13.6) 4 (6.7)
Hyperlipemia 14 (23.7) 4 (6.7)
Smoking 15 (25.4) 8 (13.3)
Medication
ACEI or ARB 52 (88.1) ed
b-blockers 51 (86.4) ed
Data are presented as n (%) unless otherwise indicated.
ACEI Z angiotensin converting enzyme inhibitor; ARB Z angio-
tensin Ⅱ receptor blocker.
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Reliable assessment of regional or overall heart contrac-
tility is critical for the diagnosis of disease, evaluation of
therapeutic interventions, and prediction of clinical out-
comes in the field of myocardial ischemia and infarction.
Currently, most echocardiography laboratories continue to
use the visual assessment of wall thickening or wall motion
score index for clinical use; nonetheless, it is known that
subjective visualization and semiquantitative scores are
hampered by substantial observer variability [1]. Strain
imaging has been proposed as an objective and quantitative
measurement of wall motion abnormalities [2]. Regional
myocardial strain can be measured by velocity gradient
from tissue Doppler imaging (TDI). However, TDI is Doppler
angle-dependent, which makes the acquisition and correct
interpretation of the data more difficult. Furthermore, the
clinical use of strain measured by TDI is limited to experi-
enced users due to the low signal-to-noise ratio. Recently,
improved hardware and software have allowed angle-
independent quantification of myocardial strain based on
the speckle-tracking technique in two-dimensional B-mode
echocardiography. Strain measurement using the speckle-
tracking method has been shown to identify the presence,
location, and transmural extent of myocardial infarction
(MI) [3,4], and to predict the clinical outcomes and left
ventricle remodeling following myocardial infarction [5,6].
Left ventricle (LV) contractility is a commonly used in-
dicator of the severity of myocardial damage after MI.
Speckle-tracking imaging-derived strains might more accu-
rately reflect intrinsic measures of myocardial contractility
and enable quantification of LV regional myocardial defor-
mation by three principal types of deformation: longitudi-
nal, radial, and circumferential. Right ventricle (RV)
function is an important prognostic factor for clinical out-
comes in patients with acute MI of LV. Moreover, RV
involvement occurs in a percentage of patients suffering an
inferior wall MI and increases in-hospital death rates [7,8].
The objective of the present study was to quantify regional
or global deformation of LV and RV in patients with inferior
wall MI prior to and after percutaneous coronary interven-
tion (PCI).
Materials and methods
Study population
From June 2010 to July 2012, 82 consecutive patients were
admitted to our hospital for inferiorwall ST-elevationMI. The
diagnosis of MI relied on characteristic chest pain, electro-
cardiographic changes, and diagnostic changes in cardiac
enzymes. Inferiorwall MIwas defined as squeezing chest pain
lasting for >30 minutes, ST segment elevation  1 mm in
inferior leads (leads II, III, and aVF), and a significant rise in
serum-specific cardiac enzymes. Sixteen patients were
excluded for the following reasons: nine for RV involvement
(ST segment elevation  0.1 mV in lead V4R) [9], two for the
history of MI, two for pulmonary hypertension (pulmonary
artery systolic pressure > 30 mmHg by echocardiographic
studies), and three for the poor acoustic window. Fifty-nine
of the remaining 66 patients underwent emergency PCIwithin the first 12 hours of symptom onset and were finally
enrolled in the study. Sixty age-matched adults without
acute ischemic attacks were enrolled and served as controls.
Baseline clinical characteristics of patients and control par-
ticipants are summarized in Table 1. The study was approved
by the ethics committee of Renmin Hospital of Wuhan Uni-
versity and all participants gave written informed consent.
Echocardiographic data acquisition
Thoracic echocardiography was performed with the pa-
tients in the left lateral decubitus position prior to PCI in
the angiography laboratory and 7 days after PCI in the
wards. The echocardiographic evaluation was performed
using the Vivid E9 commercial ultrasound scanner (version
BT11; GE Vingmed Ultrasound AS, Horten, Norway) and 2.5-
MHz transducer. All echocardiography was performed by
another physician blinded to the electrocardiographic
finding. Conventional echocardiographic measurements
were performed according to the recommendations of the
American Society of Echocardiography [10]. LV ejection
fraction (EF) was calculated according to the modified
Simpson’s rule using the apical four- and two-chamber
views. After standard echocardiographic examination,
parasternal long-axis, parasternal short-axis, four-, three-,
and two-chamber views were obtained in end-expiration to
minimize translational movement of the heart. All data
were acquired at a high frame rate of 70e80 frames/sec-
ond. At least three cardiac cycles were digitally stored for
offline analyses.
Strain measurement by speckle tracking model
The high frame rate acoustic capture grayscale images
were analyzed offline using EchoPac 6.4 (GE Vingmed Ul-
trasound AS). This software allows for automatic evaluation
of the dynamic properties of the endocardial border and of
the subendocardial tissue from two-dimensional B-mode
Table 2 Conventional echocardiographic data prior to
and after percutaneous coronary intervention (PCI) in
inferior wall myocardial infarction patients.
Controls Pre-PCI Post-PCI
LVESD, mm 34.5  3.4 42.3  3.0* 38.7  2.7**
LVEDD, mm 45.4  3.2 54.2  3.2* 50.1  2.3**
LVEF (%) 58  3 51  7* 55  3**
RVESD, mm 11.9  1.5 12.3  0.8 12.0  0.6
RVEDD, mm 19.5  1.2 20.9  1.4 20.1  0.9
Data are presented as mean  SD.
LVEDD Z left ventricle end-diastolic diameter; LVEF Z left
ventricle ejection fraction; LVESD Z left ventricle end-systolic
diameter; RVEDD Z right ventricle end-diastolic diameter;
RVESD Z right ventricle end-systolic diameter.
* p < 0.05 versus controls.
** p < 0.05 versus pre-PCI.
Strain pattern analysis in myocardial infarction 31echocardiographic clips. Initially, the endocardial border
was manually drawn by the operator during end-systole.
After that, the software placed a region of interest over the
myocardium and the width of this region of interest was
then manually adjusted to fit the thickness of the
myocardium. From the tracked contour of the endocar-
dium, strains were measured by comparing the displace-
ment of the speckles in relation to one another along the
endocardial contour through the cardiac cycle.
Apical four-, three-, and two-chamber views were
analyzed for measurements of longitudinal function. The
apical long-axis images were divided into three levels:
basal, middle, and apical. The level strain was calculated
by averaging the segmental values (6 values/level). Para-
sternal short-axis views were analyzed for the evaluation of
radial and circumferential function. At the apical (below
the papillary muscle), mid (at the level of papillary mus-
cle), and basal (at the level of mitral valve) levels, para-
sternal short-axis images were divided into six segments of
equal size: anteroseptal, anterior, anterolateral, infero-
lateral, inferior, and inferoseptal. Peak radial and circum-
ferential strains were calculated by averaging the values of
the 18 LV segments from three parasternal short-axis views.
In the apical four-chamber view, the RV myocardium was
then automatically divided into six segments (basal, mid,
and apical segments of the septum and the RV free wall)
after manually drawing the endocardium of the right
ventricle. The level strain was calculated by averaging the
values in the three levels respectively. The global peak
systolic strains were then generated by averaging peak
systolic values of all segments in corresponding views.
Strains were analyzed by another physician blinded to
electrocardiographic findings.
Statistical analysis
Statistical analyses were performed with the SPSS version
13.0 software (SPSS Inc., Chicago, IL, USA). All data are
expressed as mean  standard deviation. Demographic and
echocardiographic variables between patients and controls
were compared using unpaired Student t test. For contin-
uous variables within groups, a paired t test was used. A
two-tailed p < 0.05 was considered to be statistically
significant.
Results
Clinical characteristics
The baseline clinical features of the study population are
summarized in Table 1. Patients and control participants
were similar in age, weight, height, and body mass index.
There were equal ratios of cardiovascular risk factors
including hypertension, diabetes mellitus, hyperlipemia,
and smoking between patients and controls. The mean
duration of chest pain in the patient group was
218.4  105.3 minutes, the mean concentration of cardiac
troponin I was 1.2  0.2 ng/mL, and the mean door-to-
balloon time was 122  55.8 minutes. Fifty-five patients
(93%) had primary stent implantation and four patients (7%)
received balloon angioplasty procedure in combination withstent implantation. Post-PCI, all cardiovascular medica-
tions were maintained without interruption. No reocclu-
sion, ischemic coronary events, or in-hospital deaths
occurred during the study period.Conventional echocardiographic data
The conventional echocardiographic parameters are sum-
marized in Table 2. LV end-systolic diameter (ESD) and LV
end-diastolic diameter (EDD) were significantly greater in
patients with inferior wall MI than in controls. There were
significant decreases of LV ESD and LV EDD in patients 7
days after PCI. Inferior wall MI was associated with a
decreased EF; nonetheless, EF recovered to close-to-
normal ranges after the PCI.
RV ESD and RV EDD did not differ between controls and
patients with inferior wall MI. Moreover, there were similar
RV ESD and RV EDD prior to and after PCI.LV global peak strain
LV global radial, longitudinal, and circumferential strains
were less in patients than in controls. LV global radial strain
did not differ between prior to and after PCI. However, LV
global longitudinal and circumferential strains were greater
in patients after than prior to PCI.LV regional longitudinal peak strain
The regional longitudinal peak strains of LV are summarized
in Table 3. All LV regional longitudinal strains were cate-
gorized into apical, mid, and basal levels. LV apical, mid,
and basal longitudinal strains were significantly less in pa-
tients with inferior wall MI than in controls. LV basal lon-
gitudinal strain did not differ prior to and after PCI;
nonetheless, LV apical and mid longitudinal strains were
significantly greater after than prior to PCI. More impor-
tantly, LV regional longitudinal strains progressively
reduced from basal toward apical level in patients with
inferior wall MI.
Table 3 Left ventricle regional peak systolic strains prior to and after percutaneous coronary intervention (PCI) in inferior
wall myocardial infarction patients.
Strain, % Control Pre-PCI Post-PCI
Longitudinal
Apical 22.60  4.14 11.36  3.28* 16.27  3.26**
Mid 22.87  3.63 13.77  2.67* 17.10  4.21*,**
Basal 21.06  2.01 18.03  3.12* 19.88  4.35*
Radial
Anterior 47.11  3.26 42.54  6.42 37.78  4.67*,**
Anterolateral 48.09  8.46 35.33  4.52* 35.42  5.23*
Inferolateral 47.30  4.13 21.44  5.12* 38.20  4.88*,**
Inferior 48.41  4.71 14.88  4.28* 40.42  5.28*,**
Inferoseptal 45.54  7.02 21.62  6.48* 36.42  4.34*,**
Anteroseptal 46.64  8.17 33.42  4.12* 33.45  5.14*
Circumferential
Anterior 31.38  7.02 31.25  5.24 25.66  5.49*,**
Anterolateral 29.45  5.35 25.02  3.25* 26.13  6.23*
Inferolateral 30.35  6.87 24.33  5.47* 29.33  6.18**
Inferior 31.69  6.33 10.45  4.56* 28.63  6.35*,**
Inferoseptal 31.19  3.73 15.45  4.68* 25.41  6.58*,**
Anteroseptal 30.24  5.54 20.25  7.77* 29.33  6.63**
Data are presented as mean  SD.
* p < 0.05 versus control.
** p < 0.05 versus pre-PCI.
Table 4 Right ventricle longitudinal peak systolic strains
measured in apical, mid and basal levels prior to and after
percutaneous coronary intervention (PCI) in inferior wall
myocardial infarction patients.
Strain, % Control Pre-PCI Post-PCI
Apical 22.25  4.75 8.34  2.67* 13.00  2.87*,**
Mid 21.05  3.05 11.58  3.22* 15.56  4.05*,**
Basal 23.07  4.01 18.15  5.28* 19.11  5.24*
Data are presented as mean  SD.
* p < 0.05 versus control.
** p < 0.05 versus Pre-PCI.
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The regional radial and circumferential peak strains of the
LV are summarized in Table 3. All LV regional radial and
circumferential strains were categorized into six sections
consisting of anterior, anterolateral, inferolateral, inferior,
inferoseptal, and anteroseptal walls. Except for the ante-
rior section, the remaining five sections were significantly
less in patients with inferior wall MI than in controls of the
two deformations. LV radial and circumferential strains of
anterior section became smaller after PCI; nonetheless, LV
radial strains of three sections (inferior, inferoseptal,
inferolateral) and circumferential strains of four sections
(inferior, inferoseptal, inferolateral, anteroseptal) were
significantly greater after than prior to PCI. More impor-
tantly, these strains gradually diminished from remote
through adjacent to infarct myocardium.
RV global longitudinal peak strain
Patients with inferior wall MI exhibited a decreased RV
global longitudinal strain as compared with controls. How-
ever, RV global longitudinal strain was significantly greater
after than prior to PCI.
RV regional longitudinal peak strain
The regional longitudinal peak strains of the RV are sum-
marized in Table 4. All RV regional longitudinal strains are
categorized into apical, mid, and basal levels. RV apical,
mid, and basal longitudinal strains were significantly less in
patients with inferior wall MI than in controls. RV basal
longitudinal strain did not differ prior to and after PCI;nonetheless, RV apical and mid longitudinal strains were
significantly greater after than prior to PCI. More impor-
tantly, RV longitudinal strains progressively reduced from
base toward apex in patients with inferior wall MI.
Discussion
Two-dimensional speckle-tracking imaging is a novel echo-
cardiographic technique for the objective assessment of
myocardial systolic function. Strain values have been re-
ported to be superior to myocardial velocities in the
assessment of segmental dysfunction severity after acute
MI [11,12]. This study utilized speckle-tracking imaging to
investigate the alteration on regional and global LV and RV
deformation in patients suffering from inferior wall MI prior
to and after PCI. In principle, myocardial strains are inde-
pendent of translational motion and other through-plane
motion effects and should be relatively uniform
throughout the normal LV myocardium. In this study, we
Strain pattern analysis in myocardial infarction 33found that the LV regional strains reduced significantly in
most of segments (87%) after inferior wall MI and over half
of them (60%) were improved by PCI; regional longitudinal
systolic strains progressively decreased from base toward
apex along the long axis of LV; and also that peak radial and
circumferential systolic strains gradually diminished from
remote through adjacent into infarct myocardium along the
short axis of LV. Moreover, peak systolic strains were uni-
formly distributed in the nonischemic remote segments.
The MI is characterized by the interrupted homogeneous
distribution of LV peak systolic strain, which has been
proven by other investigations. Sun et al. [13] found that
the homogenous distribution of systolic strain from apical
to basal segments was lost during myocardial ischemia and
infarction. Ingul et al. [14] found a clear gradient of systolic
deformation strain from mid-infarct through the infarct and
border zone to normal myocardium. Global strain reflects
the averaged segmental myocardial relative shortening and
is suggestive of high sensitivity and specificity in the
detection of LV systolic dysfunction in patients post-MI [15].
As a result, this study also found that LV global strains were
significantly decreased in comparison with the control
group, and they were markedly increased after PCI. These
findings are consistent with previous reports.
Sun et al. [13] demonstrated that both radial and
circumferential strains were decreased significantly in
ischemic regions as a result of myocardial ischemia and
infarction. Kukulski et al. [16] found that a significant
reduction in strain rate and strain occurred in at-risk seg-
ments during severe acute ischemia by epicardial artery
occlusion and that these indices recovered to near baseline
values immediately after balloon deflation. Ingul et al. [6]
demonstrated that in patients with AMI treated by PCI the
global strain indices were improved significantly within 2
days. Bach et al. [17] demonstrated that myocardial ve-
locities decreased during acute ischemia and showed a
rebound increase after reperfusion in regions supplied from
culprit coronary artery. The present study also found that
the improved regional strains after PCI were frequently
located in the infarct and adjacent myocardium, especially
in the apical and middle segments of LV. The PCI-resulted
reperfusion improves the impaired regional systolic strain,
which may be attributed to the salvage of irreversible
ischemia myocardium and functional recovery of stunned
myocardium [14]. Under the conditions of reperfusion, the
damaged myocardium acquires activation and contraction,
leading to the improvement of LV global function. In this
study, we also found that the peak radial and circumfer-
ential strain values of the anterior wall of LV were lower at
7 days post-MI than at 24 hours. To some extent, this may
be partially due to the decay of compensation essential for
the maintenance of cardiac performance prior to PCI.
However, there is insufficient evidence at present to sup-
port this explanation.
Longitudinal strain and strain rate imaging have been re-
ported tobehighly suitable for a functional assessmentof the
complex anatomy and thin wall structure of the RV [18,19].
To the best of our knowledge, no previous studies have
assessedRV function in patientswith inferiorwall MI by use of
speckle tracking two-dimensional strain imaging. This study
is the first to assess strain properties of RV in patients with
inferior wall MI. Our study found that longitudinal systolicstrains were significantly decreased in the apical and mid
segments of RV in patients with inferior wall MI.
In conclusion, two-dimensional speckle-tracking strain
imaging allows for the comprehensive and reliable assess-
ment of myocardial contractility and therapeutic efficacy
of intervention. Homogeneous distribution of regional
strains is lost as a result of ischemic events. The regional
longitudinal systolic strains of LV and RV progressively
decrease from base to apex; and regional circumferential
and radial strains gradually diminish from remote through
adjacent to infarct myocardium. Reperfusion by PCI results
in significant recovery of LV and RV global strains, which are
mainly located in the infarct and adjacent myocardium of
apical and middle segments.References
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